Mutation of active site residues of the puromycin-sensitive aminopeptidase: conversion of the enzyme into a catalytically inactive binding protein.
The active site glutamate, Glu 309, of the puromycin-sensitive aminopeptidase was mutated to glutamine, alanine, and valine. These mutants were characterized with amino acid beta-naphthylamides as substrates and dynorphin A(1-9) as an alternate substrate inhibitor. Conversion of glutamate 309 to glutamine resulted in a 5000- to 15,000-fold reduction in catalytic activity. Conversion of this residue to alanine caused a 25,000- to 100,000-fold decrease in activity, while the glutamate to valine mutation was the most dramatic, reducing catalytic activity 300,000- to 500,000-fold. In contrast to the dramatic effect on catalysis, all three mutations produced relatively small (1.5- to 4-fold) effects on substrate binding affinity. Mutation of a conserved tyrosine, Y394, to phenylalanine resulted in a 1000-fold decrease in k(cat), with little effect on binding. Direct binding of a physiological peptide, dynorphin A(1-9), to the E309V mutant was demonstrated by gel filtration chromatography. Taken together, these data provide a quantitative assessment of the effect of mutating the catalytic glutamate, show that mutation of this residue converts the enzyme into an inactive binding protein, and constitute evidence that this residue acts a general acid/base catalyst. The effect of mutating tyrosine 394 is consistent with involvement of this residue in transition state stabilization.